The current study was conducted on a menopause rat model induced by ovariectomy to assess the histological and immunohistochemical alterations in the parotid glands and to verify the efficiency of human umbilical cord derived-mesenchymal stromal cell (hUCB-MSCs) in treating this condition. Eighteen adult female rats were equally divided into three groups: sham-operated (SHAM), ovariectomized (OVX) and OVX injected with hUCB-MSCs (OVX + hUCB-MSCs). At 3 months post-ovariectomy, the salivary flow rate and size of the parotid glands were measured. The parotid glands were histologically investigated via H&E stained sections. Furthermore, immunohistochemical analysis for human CD105, human CD34, proliferating cell nuclear antigen (PCNA), single strand DNA (ssDNA), Caspase 3, aquaporin (AQP)1, α-Smooth Muscle Actin (α-SMA) and mouse CD34 were performed. The OVX group showed interstitial hemorrhage, dispersed acini and intracytoplasmic vacuoles in the acinar cells. Furthermore, immunohistochemical staining revealed a significant decrement in the number of ssDNA positive apoptotic cells, but a significant increment of PCNA positive proliferating cells, AQP1 positive blood capillaries, α-SMA positive myoepithelial cells and endogenous CD34 positive hematopoietic progenitor cells in the OVX + hUCB-MSCs group
Introduction 17
In mammals, the saliva plays several essential roles including the protection of the oral cavity apparatus and 18 the gastrointestinal epithelium. Moreover, it facilitates tasting, mastication, swallowing, and even digestion 19 of food (Logemann et al., 2001) . The parotid gland is one of the major salivary glands. Upon stimulation, it 20 secretes over 50% of the total body saliva (Humphrey and Williamson, 2001) . Salivary gland hypofunction is 21 frequently observed in mammals and manifested by xerostomia (dry mouth) that leads to functional oral 22 Tokyo, Japan). 154
Immunohistochemistry 155
The immunohistochemical analyses for human CD105 and human CD34, proliferating cell nuclear antigen 156 (PCNA), caspase 3 and single strand DNA (ssDNA), aquaporin (AQP)1, α smooth muscle actin (SMA), and 157 mouse-CD34 were performed to detect hUCB-MSCs homing, proliferating cells, apoptotic cells, blood 158 capillaries, myoepithelial cells, and endogenous hematopoietic progenitor cells, respectively (Elewa et al., 159 2010). In brief, antigen retrieval was done with the deparaffinized sections according to each antibody ( Table  160 1). Then sections were incubated in methanol containing 0.3% H 2 O 2 for 20 minutes at 4°C to block the 161 activity of endogenous peroxidase, followed by washing in distilled water, and incubation with 10% normal 162 blocking serum for 1 h at room temperature (donkey serum for PCNA immunostaining and goat serum for 163 staining of the other antigens). Then sections were incubated overnight with the specific primary antibody 164 diluted in PBS (pH 7.2). The antibodies and working dilutions are shown in Table 1 . For negative control, 165 the primary antibody was replaced with only PBS. Then the sections were incubated with biotin-conjugated 166 secondary antibody, specific to the primary one, for 30 min, followed by incubation for 30 min with 167 streptavidin-peroxidase conjugate. The positive reaction was visualized with 3, 3′-diaminobenzidine 168 tetrahydrochloride (DAB)-H2O2 solution, pH 7.0. Finally, the sections were washed in distilled water and 169 counterstained with Mayer's hematoxylin. 170
Histoplanimetrical analysis 171
The number of immunopositive PCNA, ssDNA, caspase 3, and mouse-CD34 cells were counted in 172 immunohistochemical stained sections at 400 x magnification. In addition, the integrated density of AQP1 and 173 α-SMA were evaluated using Photoshop (Adobe Systems, San Jose, Calif., USA) followed by Image J analysis 174 software (ver. 1.32j, http://rsb.info.nih.gov/ij). Briefly, using Photoshop we converted the RGB color images 175 into grayscale to reduce the background color. Then, using threshold, we highlighted the signal into black color 176 with a white background and inverted the signal color from black to white and saved the images. Subsequently, 177
we analyzed the integrated density of the white signals on the processed images using Image J software. 178
Statistical analysis 179
All statistical analysis results were expressed as mean ± standard error (SE). The one-way ANOVA test was 180 used to analyze the data among different groups, followed by multiple comparisons Duncan ' s Post-hoc test 181 when significant differences were observed (P < 0.05) (n=6 per group). 
Salivary flow rate and weight of parotid glands 198
As shown in Table 2 , both the salivary flow rate and the weight of parotid glands were significantly 199 decreased in the OVX group when compared to the SHAM group. After hUCB-MSCs injection, a significant 200 increase was observed by comparison with that of the OVX group. 201
Immunohistochemical staining for caspase 3 and ssDNA were performed to observe apoptotic cell 223 populations. The caspase 3 positive apoptotic cells were observed in the interstitial cells of the three groups 224 (Figs. 5A, B, and C). The negative control sections of the parotid gland of the OVX group revealed the 225 absence of apoptotic cells (Fig. 5D ). In the OVX group, there was a significant increase in caspase 3 226 apoptotic cells (11.17 ± 0.76), compared to the SHAM group (0.83 ± 0.17), while the frequency of such 227 apoptotic cells was significantly decreased in the OVX + hUCB-MSCs group (3.11 ± 0.44) compared to the 228 OVX group (Fig. 5E ). The other apoptotic cell marker was ssDNA that were mainly detected in both acinar 229 and ductal epithelium (data not shown) of the OVX group, while they were hardly to be seen in the SHAM 230 and OVX + hUCB-MSCs groups. The OVX group showed a significant increase in ssDNA positive cells 231 The immunohistochemical staining with anti-AQP1 was performed to examine the alterations of the blood 236 capillaries among the three different groups. The endothelial cells of blood capillaries showed positive 237 reactions for AQP1 in all groups (Figs. 6A, B, and C). No positive reaction was observed in the negative 238 control sections of the parotid gland in the SHAM group (Fig. 6D ). The integrated density of AQP1 positive 239 reactions showed a significant reduction in the OVX group (15.02 X 10 6 ± 1.35), compared with the SHAM 240 group (31.24 X 10 6 ± 3.77). However, an increase in the integrated density of AQP1 positivity was observed 241 in the OVX + hUCB-MSCs group (29. 05 X 10 6 ± 2.87), compared to the OVX group. However, there was 242 no significant difference in the integrated density of AQP1 positivity was observed in the OVX + 243 hUCB-MSCs group compared to that observed in the SHAM group (Fig. 6E) . 244
The changes in myoepithelial cell populations were investigated in different experimental groups via 245 immunohistochemical staining with anti-α-SMA. Interestingly, the myoepithelial cell populations showed a 246 great variation among different groups. Well-developed α-SMA positive myoepithelial cells with numerous 247 cytoplasmic processes were observed around the acini of the parotid glands of the SHAM group ( Fig. 7A) , 248
while the myoepithelial cells after ovariectomy showed fewer and shorter processes ( Fig. 7B ). In the OVX + 249 hUCB-MSCs group, the cytoplasmic processes showed moderate development (Fig. 7C ). The negative 250 control sections of the parotid gland of the SHAM group showed no positive reaction (Fig. 7D ). These 251 findings were confirmed by analyzing the integrated density of immunopositive cytoplasmic processes. The 252 integrated density of positive reactions showed a significant decrement in the OVX group (33.99 X 10 6 ± 253 4.48) when compared to the SHAM group (141.22 X 10 6 ± 11.55). However, following treatment with 254 hUCB-MSCs, a higher integrated density of positive reactions was observed in the OVX + hUCB-MSCs 255 group (95.85 X 10 6 ± 5.82) compared to that of the OVX group (Fig. 7E) . 256
Immunohistochemical staining using mouse CD34 antibody in the parotid gland sections of different 257 experimental groups was performed to evaluate the endogenous hematopoietic progenitor cell populations 258 The AQP1 is a water channel found in the endothelial cell of blood capillaries. These channels play an 319 important role in water permeability (Li et al., 1994). Therefore, decrement of AQP1 expression in our OVX 320 group denoted dysfunction of the blood capillaries that coincided with the noticeable interstitial hemorrhage. (2014) reported that the regenerative functions of endogenous stromal cells occur by providing molecular 345 signals to the proliferating immature epithelial cells in the forms of basement membrane proteins, 346 extracellular matrix, matrix metalloproteinases/proteases, and growth factors. Further investigations are 347 required for further elucidation of the mechanism of hUCB-MSCs mediated parotid gland regeneration. 348
In summary, our results suggest that the bilateral ovariectomy could affect the parotid gland structure due to 349 destruction of endothelial cells, and apoptosis of acinar and ductal cells. Interestingly, we revealed that most Anti-rabbit AQP1 Santa Cruz 1:50 2XSSC, 105℃, 20 min.
Anti-rabbit α-SMA Abcam, Cambridge, UK 1:3000 Citrate buffer (pH 6.0),105℃, 20min.
Anti-rabbit Caspase 3 IMGENEX 1:800 2XSSC, 105℃, 20min.
Anti-mouse CD34 Abcam 1:400 Citrate buffer,105℃ 20min. 
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